










radius is large, the efficiency benefits from systematic search
are reduced, and the searcher may opt for a more random
strategy that has lower costs in memory or motor planning.
An alternative explanation is that systematic movements
arise naturally from the mechanics of the arm. For example,
opening and closing the elbow could cause the hand to
move in a zigzag pattern. However, such an explanation
cannot account for zigzags/parallel-sweeps oriented verti-
cally, parallel sweeps that contain right angles, nor spirals,
which are unlikely to be symptoms of the arm’s mechanics.
Furthermore, the mechanics of the arm cannot account for
the differential use of systematic strategies in one- and five-
finger search.

The current result provides a possible explanation for
disagreement in previous haptic search studies, where some
reports observed participants using systematic strategies [17],
[18], while others did not [19], [20]. In hindsight, systematic
strategies were not observed when the hand’s detection radius
was large (e.g., five fingers) relative to the search area, and
were observed when the detection radius was small (e.g.,
one finger). Interestingly, a previous study observed that one-
finger search without vision was associated with systematic
scanning paths, while the same search task with visual
information on target/distractor locations (without revealing
which was the target) eliminated systematic movements [17].
This can be explained by considering that vision effectively
extended the participants’ haptic detection radius.

Search efficiency (Figure 3) predicts that systematic search
movements would increase due to smaller detection radius
(demonstrated in this paper), larger search/stimulus area, and
lower motor-planning costs. In regards to the last prediction,
it’s possible that using a non-dominant hand would increase
the effort associated with executing systematic patterns,
reducing the relative benefit of using systematic movements.

Participants in the current study used systematic strategies
when the efficiency benefits were substantial, and used ran-
dom movement strategies when the efficiency benefits were
presumably not worth the additional movement planning
and memory resources. The spatial densities of participants’
index-finger trajectories revealed that, although movement
strategies were different in one-finger and five-finger search,
the spatial concentrations of index-finger locations around
symbol-related features were similar. These results under-
score the importance of exploratory movement patterns in
haptic perception - it not only matters where is touched, but
also how the hand and fingers move during touch.

REFERENCES

[1] S. J. Lederman and R. L. Klatzky, “Hand movements: A window into
haptic object recognition,” Cognitive Psychology, vol. 19, no. 3, pp.
342–368, 1987.

[2] W. J. Bell, Searching Behaviour: the Behavioural Ecology of Finding
Resources. London: Chapman and Hall, 1991.

[3] A. James, M. Plank, and R. Brown, “Optimizing the encounter rate
in biological interactions: Ballistic versus Lévy versus Brownian
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